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INTRODUCTION 


III.  INTRODUCTION 


Under  USAMERDC  Contract  DAAK02  72  C  0472,  Sundstrand  has  been  developing  an  organic 
Rankine  cycle.  1.5  KWe,  28  VDC,  portable  silent  power  plant.  A  summary  of  the  specification 
requirements  is  presented  in  Table  I II -A.  To  (fate,  two  (2)  development  sets  have  been  delivered  to 
USAMERDC,  Ft.  Belvoir,  Va.  The  development  o!  Set  1  is  described  in  Sundstrand  Report  ATR 
1 182,  6  24  74,  the  following  report  describes  the  development  of  Set  2.  The  following  introductory 
twraqraphs  summarise  the  results  of  Set  I  development  and  the  basis  for  improvements  planned  for 
Set  2. 


Tab)*  IM  A  Specification  Regueementt 


•  1.5  KVV,  28  VDC,  Closed  Rankme  Cycle 

•  Portable,  skid  mounted 

•  Silent  at  100  meters 

•  Capable  of  withstanding  extremely  hard  usage  encountered  in  military  held  application  simulated 
by  tree  fall  flat  and  end  drop  (18  and  12  inches  respectively),  vibration,  railroad  impact  at  10  mph 
and  in  transit  road  test 

•  Locally  or  remote  station  startup  within  10  minutes  by  an  integral  stored  energy  source  and  a 
manual  or  external  energy  source 

•  65°F  to  ♦125°F  ambient  temperature,  any  humidity 

•  Minimum  3000  hours  operating  life 

•  Minimum  7.5%  Set  efficiency  at  1.5  KW  output 

•  Maximum  150  lb.  dry  weight 

•  Maximum  8  cubic  foot  volume 

•  Multi  fuel  operation 

•  Inclined  operation,  31°from  horizontal 

•  Minimum  95%  Set  reliability 

•  Start  and  operate  at  1-5  KW  m  ram  and  wind  (12  m/ hr  and  40  mph  respectively) 

•  4%.  voltage  regulation,  2  seconds  recovery  time.  2%  voltage  stability,  26  34  volts  adjustment.  3% 
voltage  ripple,  adjustable  current  limit,  30%  voltage  dip  and  rise,  overload  of  1 10%  and  overspend 
of  125% 

•  Design  tor  human  performance  and  engineering 

•  Major  eemponent  characteristics 

•  Boiler  Burner  Heatup  to  operating  :empetaiure  and  pressure  in  three  minutes,  equipped  w.fh 

automatic  controls,  electrical  power  supplied  from  alternators  1 

•  Working  Fluid  Circulating  Svstem  Includes  condenser,  preheater  it  required,  feed  pump.  No 
significant  working  fluid  loss  for  two  years  or  16,000  hours  of  operation 

•  Throttle  Valve  Used  to  control  vapor  bnw 

•  Governor  Required  to  sense  and  control  engine  speed  to  essentially  a  constant  level 

•  Condenser  Must  compact,  light  weight,  vapor  to  aif  using  biowerls). 

•  Regenerator  Utilize  it  overall  eyele  efficiency  can  be  improved 

•  tubneation  System  Must  be  suitable  tor  moving  parts  and  hermetically  sealed  for  engine 

•  Alternator  To  be  brushless  and  have  a  statie  eseitation  system 

•  Fuel  System  Includes  igm(..3n  source,  integral  fuel  pump  capable  of  pumping  through  a  2b 
feat  (me  with  a  sir  foot  static  suction  head.  imps,  biter  and  positive  shutoff 

•  battery  and  charger 

•  Controls  for  pressure,  speed.  temperature  and  power  conditioning 
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SET  1  DEVELOPMENT  SUMMARY  AND  CONCLUSIONS 

The  program  consisted  of 

•  Packaged  development  Set  and  breadboard  controls 

•  Limited  component  and  subsystem  testing 

•  No  bfeadtxwrd  system  testing 

In  terms  of  development  effort,  some  of  the  a  itical  subsystems  of  Set  No,  1  resulted  in: 

•  Air/Fuel  System  develotied  more  than  100  hours  of  operation 
e  Turbine  development  -  2900  hours  of  bearing  testing 

e  breadboard  control  system  demonstrated/operational 
A  significant  amount  of  set  test  my  resulted  in' 

•  09  f lot  tests 

•  IS  hours  ol  hoi  testmy  on  the  turboalter  nator,  regenerator  and  condenser 

•  20  hours  ol  hoi  testmy  on  the  heater  and  bur  ner 

•  75  hours  of  operation  on  all  accessories 

Thefe  were  several  nuisance  tyims  of  problems  encountered  throughout  the  Set  1  development 
period,  some  of  these  were  resolved.  There  were  major  problems  which  were  identified,  including 
potential  solutions.  These  prevented  complete  sett  contained  operation  and  Ml  power  output  from 
being  demonstrated  and  are  listed  below 

•  Low  turbine  performance 

•  Apparent  tow  turbine  eslsiust  temperature 

•  Structural  tie* ial it y  of  the  turbine  balance  assembly  and  hotwetl 

•  Pitot  pump  performance 

It  was  demonstrated  that  low  turbrn*  performance  was  primarily  due  to  too  laryt  spacing  Of  the 
turpme  nor  sics  and  correcting  this  wovhi  enable  at  least  §4-%  of  predcjtsd  turbine  power  to  be 
achieved  figure  III  t  shows  the  data  for  the  Set  No.  t  nuscle  plate  and  a  lest  flOCCle  plate  wdft 
close  spaced  (touching  edge-Wedgcl  nobles  (figure  III  2>.  With  the  e*tepPon  of  the  one  p»>mt 
taken  from  set  data,  ail  data  afe  tar  tests  conducted  on  a  test  ?»y  using  high  PfCSCure  nitrogen  • 
drive  the  turbine.  It  can  be  seen  that  the  original  noccte  plate  produced  481*  at  the  predicteu 
lurbmc  efficiency  8y  reducing  rfte  noecle  spacing,  the  turbine  views  a  centtnoous  rafher  than 
intermittent  driving  gaa  stfOom  as  the!  wheel  rotates  Past  each  npJile.  The  result  *  »  substantial 
increase  ws  turtunc  ettwienev 


The  resultant  protected  system  performance  with  the  modified  noz/le  plate  is  shown  m  Figure  ill  3 
to  be  I  1  KVV  net  output  at  an  average  8  '  ■■  active  nozzles  which  correspond*  to  the  maximum  flow 
that  the  system  can  support.  The  burner  has  overfire  capability  but  of  unknown  extent.  However,  at 
10  active  nozzles  (the  limit  of  the  present  design),  1.47  KW  net  output  (lower  can  lx?  produced 
Whether  this  can  be  achiever!  is  dependent  upon  the  extent  of  the  overfire  capability,  the  heat 
exchangers,  the  achievable  reduction  in  parasitic  (lower  and  the  turbine,  pump  characteristics. 

Another  problem  was  low  turbine  exhaust  temperature  It  was  hypothesized  that  quenching  of  the 
turbine  exhaust  was  occurring  due  to  fluid  migrating  from  the  pitot  pump  area.  Shifting  the  pdf 
(lump  from  the  turbine  wheel  end  of  the  assembly  would  permit  any  leakage  to  fail  to  the  hotwei 
The  Set  No.  1  anrt  reviser)  configurations  are  shown  in  Figure  ill  4 

Also,  the  flexibility  of  the  turbine  balance  assembly  and  hotwell,  or  the  CRU  (combined  rotating 
urm),  has  resulted  in  rubbing  at  the  turbine  wheel  hub  and  pitot  pump  housing  regions  These  hare 
ail  been  light  and  non  damaging  in  nature  but  nonetheless  result  in  undesirable  noise,  vibration  and 
(sower  consumption.  Improver!  balancing,  an  increase  in  the  shaft  diameter  and  noncantilevererl 
mounting  of  the  turbine  baljnce  assembly  in  the  hotwell  have  shown  by  test  to  be  an  improvement 

SET  2  IMPROVEMENT  PLAN 

The  followmi  improvements  were  considered  advantageous  to  incorporate  into  Set  No  2  wrucn 
comprises  the  basis  of  this  report 


CRU  redesign 


Boost  pump 


Norse  reduction 


Comref  valves  - 


Includes  a  new,  close  spaced  nozzle  plate, 
stiffening  of  the  forward  and  aft  holweff 
housings,  larger  diameter  shaft,  shifting  the 
pitot  pump  aft  and  moving  the  bending  critical 
speeds  above  the  5S.Q0Q  rpm  operating  speed 

Improving  the  capability  of  the  boost  pump  to 
opeiste  with  a  boiling  fluid  will  improve 
operation  margin 

Several  sources  of  emitted  noise  include  the 
CRU  incusing  resonance)  shd  accessories  su-th 
it  condenser  fan  and  gzarbos.  should  be 
njentified  and  reduced  to  steep  table  level. 

Sticking  of  the  tontt ot  t elves  appears  to  be 
related  to  clearances,  eofttamesation  and  tori 
size,  reliability  of  operation  should  be 
improved  through  corfeotkart. 

The  present  (Set  No.  1)  breadboard  c«Ufelte* 
should  be  packaged  into  a  eordiguraiton 
consistent  with  mounting  m  the  unit 


Packaged  controller 


Parasitic  power 

reduction  Accessory  power  is  considerably  higher  than 

desr  ed  and  those  areas  where  reduction  is 
readily  achievable  should  be  investigated. 

Startup  The  Set  No.  1  startup  method  involves 

retaining  pressure  in  the  accumulator  from  the 
shutdown  and/or  pressurising  ns  required  to 
the  desired  level  by  the  handpump.  Both 
start  pressure  and  start  flow  valves  must  be 
extremely  leak  tight.  Other  approaches,  which 
may  be  simpler,  e.g.,  start  pump  assisted 
starts,  should  also  be  Investigated. 


SECTION  IV 


SUMMARY 


IV  SUMMARY 


This  report  is  a  summary  of  the  development  of  a  1.5  KWe,  28  VDC  organic  Rankine  cycle  power 
plant.  It  specifically  describes  the  degree  of  progress  made  between  Set  1  and  Set  2.  Set  1  was 
described  in  Report  ATR  1182  and  delivered  to  USAMERDC  at  Ft.  Belvoir  in  the  first  quarter  of 
1974.  Set  2  is  described  in  this  report  and  was  delivered  in  the  first  quarter  of  1975. 

Figure  IV-1  is  a  photo  of  Set  2.  Table  IV-A  summarizes  its  characteristics  and  Table  IV-B  is  a 
summary  of  the  1.5  KW  organic  Rankine  cycle  modification  benefit  matrix.  The  Set  is  a  low  volume 
('2'  x  2'  x  2'),  low  weight  (212  lb),  multifuel  (demonstrated  on  MILT-5161  primary  fuel  and 
W  F-800  alternate  fuel)  machine  that  has  had  several  improvements  incorporated.  Relative  to  Table 
IV-B  these  include  all  of  Item  1 .0,  2.0,  4.0,  5.0,  6.0,  7.0  and  part  of  8.0. 

Except  for  battery  start,  the  set  is  self-sufficient.  Output  power  has  been  as  high  as  477  watts.  The 
set  has  not  achieved  design  power  (1.5  KW)  primarily  due  to  heat  losses  and  shunts  within  the 
machine,  slightly  lower  than  design  turbine  efficiency  and  lower  pitot  pump  efficiency.  Of  these, 
the  p  tot  pump  predominates.  A  small  effect  in  low  output  power  is  due  to  the  regenerator 
effectiveness  and  heater  efficiency  being  lower  on  Set  2  than  that  demonstrated  on  Set  1. 


The  lower  pitot  pump  efficiency  is  attributed  to  changes  in  the  pump  housing  and  tne  pitot  probe 
between  Set  1  and  Set  2.  When  designing  the  pump  for  Set  2,  an  approach  thought  to  not 
functionally  impact  the  pump  performance  was  followed  to  reduce  fabrication  cost.  This  has  proved 
to  be  detrimental. 

Set  2  is  a  functional  power  plant.  Its  deficient  output  power  needs  correction  through  improvement 
in  the  performance  of  the  components  contributing  most  to  the  problem.  Table  1V-C  summarizes 
these  improvements  and  the  resulting  output  power  using  actual  test  data  presented  in  this  report  as 
a  basis. 

Other  areas  in  need  of  further  development  include  automatic  startup  and  noise  level,  neither  of 
which  meet  specification  requirements  although  improvements  have  been  made  in  both  areas  in 
progressing  from  Set  1  to  Set  2. 

Other  areas  where  improvements  have  been  made  include  control  valves  that  are  free  from  sticking, 
a  significant  reduction  in  parasitic  power  (approximately  76  watts),  and  an  improved  boost  pump. 

Set  2  is  a  significantly  improved  functional  unit  compared  to  Set  1  and  represents  a  considerable 
step  towards  evolving  a  portable  multifuel,  1.5  KWe,  28  VDC,  silent  power  plant. 


T»t>l«IV  A  Pow»r  Plant  ChirjcUtutici 


Production  Prototype  Package 


Weight:  2121b. 

Volume:  7.7  cu.  It. 

Performance:  Tests  show  potential  for  thermal  efficiency  of  10.4-13.9% 


Durability:  In  accord  with  specification 

Operation:  1500  hrs.  on  C-RU  bearings 

60  hrs.  on  accessories  each  Set 
20  hrs.  on  hermetic  system  each  Set 
Demonstrated  multi  fuel  capability 
Packaged  controls  demonstrated 


Other:  Reduced  gearbox  noise  (Set  2  lower  than  Set  1 ) 

Reduced  start  complexity  (Set  2  less  complex  than  Set  1 ) 
Reduced  parasitic  power  (Set  2  lower  than  Set  1) 
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TabialVC  I  mpro**m«fni 


Improvements 


Turbine:  I  icreaw;  lap  ratio  to  raise  turbine  efficiency  from 

mid  50' s  to  design  point  of  62%;  requires  no  R&D. 

Pitot  Pump:  Increase  efficiency  by  reducing  drag,  recirculation 
It  sses  and  housing  effects  through  examination  of 
vir tables  experimentally. 


Regenerator:  Lower  effectiveness  of  Set  2  compared  to  Set  1 
hypothesised  due  to  sidewall  leakage;  design  to 
eliminate. 


Heater:  Lower  g  of  Set  2  compared  to  Set  1  hypothesised 

due  to  manufacturing  QC,  improve  and  go  to  fin  tube 
del  ign. 


Performance  Expections 


Output  Power 


At  gt  -  .58 

Plus  reduced  heal  loss 

Plus  design  regensrator  effectiveness 

Plus  design  pitot  pump  efficiency 

Plus  design  heater  efficiency 

Plus  increased  ‘uel  flow 

System  thermal  efficiency  l based  on  HHV) 


.35  .65  KW  (met) 
.38-. 68 
.60-. 85 

1.1- 1.43 

1.2- 1.57 
M.5  KW  (net) 
10.4-13.9% 


Output  power  improvement  would  also  be  achieved  in  a  variety  of  other  ways  including 
reduced  paras. tics,  improved  rectifier  efficiency  and  increased  generator  performance. 
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V.  DESCRIPTION 


A  general  description  is  presented,  followed  by  a  description  of  how  Set  No.  2  differs  from  Set  No. 

]. 


The  Set  uses  a  supercritical  closed  loop  organic  Rankine  cycle  with  CP-25  as  the  working  fluid. 
Figure  V-1  shows  a  working  fluid  flow  schemat .  snd  corr  sponding  TS  diagram. 

The  general  overall  mechanical  arrangement  of  the  Set  is  shown  in  Figure  V  2  with  some  of  the 
details  in  Figure  V-3.  All  of  the  components  are  mounted  to  a  common  support  plate  which  is 
shock  mounted  from  the  main  support  structure.  The  condenser  regenerator,  battery/instrument 
compartment,  and  condenser  fan  are  located  in  the  upper  portion  of  the  unit.  Tha  rest  of  the 
components  are  located  in  the  lower  section. 

Protection  of  the  unit  from  rough  handling  is  provided  by  a  tubular  frame  surrounding  the  unit.  For 
further  protection,  including  environmental  conditions,  covering  and  weather  cap  are  provided.  The 
weather  cap  is  aluminum  with  a  layer  of  sound  absorption  material  bonded  to  the  inner  side.  The 
upper  cover  is  a  fiberglass  shroud  while  the  lower  covering  consists  of  five  panels  of  an 
aluminum/rubber  honeycomb  composite.  These  materials  provide  protection  as  well  as  reduce 
omitted  noise. 


Easy  access  to  all  interface  points  is  provided  though  the  Set  is  tightly  packaged.  Br-th  the  burner 
exhaust  and  cooling  air  flow  merge  in  the  unit  and  exit  through  the  opening  between  the  upper 
portion  of  the  shroud  and  the  weather  cap.  When  operating  in  an  enclosure  where  warm  air  exhaust 
is  to  be  used  at  space  heat,  the  burner  exhaust  can  be  separately  ducted  away. 

Accm*  the  naerator  interface  points  is  provided  through  the  hinged  front  door.  This  area  exposes 
the.  crank,  hand  pump,  manual  valves,  fuel  reservoir  and  fuel  filter.  The  battery  door  is  also 
hinged  fo»  access  and  battery  replacement.  Electrical  and  fuel  hook  up  points  aro  accessible 
externally  since  these  connectors  vrotrude  thi.  oyt  recesses  in  the  side  panels.  For  maintenance 
pui poses,  all  panels  may  be  removed  using  a  jerewfi/iver. 

A  system  schematic  of  Set  No.  1  is  shown  in  Figure  V-4,  and  Figure  V  5  illustrates  the  schematic  for 
Set  No.  2  along  with  identification  of  instrumentation.  Figure  V  (i  is  a  functional  schematic  of  the 
working  fluid  portion  of  the  system.  It  can  be  seen  that  for  Set  No.  2,  the  accumulators,  a  hafw 
valve,  the  start  pressure  valve,  a  eheek  valve,  the  hand  pump  and  the  air  compressor  solenoid  valve 
Have  been  eliminated.  Instead  of  a  pressurised  accumulator  start,  a  start  pump  is  used  which  reduces 
the  start  complexity  considerably.  Table  V  A  is  a  weight  summary  of  Set  2. 


The  controller  of  Set  2  is  slightly  different  to  that  of  Set  1  due  to  the  component  changes  and 
development  improvements  as  the  following  list  indicates: 

Set  I  Set  2 


Fixed  Inverter 
Start  pressure  valve 


Purchased 


Eliminated 


Temperature  ready  Circuit  Eliminated 


>> 


V  J  HltM 


1^1) 


250 


Ft>m  V-t  1.5  KIM  ME RDC  Functional  ScJwmatic 


Table  V- A  Set  2  Weight  Summary 


Combustor  Extension  +  Sight  Tube  .  3.4501b. 

Hot  Gas  Filter  .  1.4501b. 

Shutoff  &  Control  Solenoid  Valve  (S.B.  1  264  ea.)  .  3.7951b. 

Boost  Pump  (Gear  Type) .  1.8121b. 

Boost  Pump  Inlet  &  Outlet  Plumbing  +  Fittings .  0.700  lb. 

Constant  Frequency  Fan .  0.0631b. 

Condenser  Overpressure  Switch  .  0.51 2  lb. 

Start  Pump  (.700),  Motor  (5.013),  Coupling  (3.u00*) .  L. 713  lb. 

Shutoff  Hot  Gas  &  Fill  Hand  Valves  (1.000  ea.) .  2.0001b. 

Battery  and  Gage  Box  .  2.870  lb. 

N-C  Battery  (9.637),  Retainer  (.250) .  9.887  lb. 

Constant  Frequency  Motor  .  6.575  lb. 

Controller  +  Cover .  9.1881b. 

Lift  Pump,  Fuel  Sol.  Valve,  Bracket .  2.000  lb. 

Variable  Frequency  Blower,  Motor,  Mount  Assy .  5.437  lb. 

Magneto  +  Cable .  3.000  lb. 

Atomizing  Air  Compressor .  2.938  lb. 

Fuel  Reservoir . 0.563  lb. 

Altitude  Compensating  Valve  .  0.375  lb. 

Gages  (.563  ea.)  .  3.3801b. 

Turbine-to-Regenerator  Bellows .  0.1881b. 

Combustor .  1.2501b. 

Fuel  Metering  Pump,  Coupling,  Screws  .  0.300  lb. 

Condenser  Assy .  12.375  lb. 

Fiberglass  Cover  (6.938),  Weather  Cap  (2.500)  9.4381b. 

Regenerator  . .  7.750  lb. 

Panels  (4  Sides  +  Bottom)  .  6.750  lb. 

Heater  .  32.000  lb. 

Accessory  Gearbox  (Lower)  .  5.1001b. 

Offset  Gearbox  (Upper*)  .  1.6251b. 

CRU  (Noz.  Pit.  =  11.1,  Aft  Cover  =  6.11,  Bal.  Assy.  =  17.3  .  34.5101b. 

Frame,  Shocks,  Mount  Plate .  26.900  lb. 

Miscellaneous* .  2.706  lb. 

Total  Dry  Weight .  209.600  lb. 

Total  Wet  Weight  (2.4  lb.  CP-254) .  212.0001b. 

*  Estimates;  all  others  are  measured  weights 


Controller  cooling  fan 
Solenoid  air  compressor  valve 
Accumulator  underpressure 
Eliminated 
Eliminated 


Eliminated 

Eliminated 

Eliminated 

Start  pump  pressure  switch 
Start  pump  soft  start  circuit 


The  fixed  inverter  was  purchased  for  Set  2  and  mounted  outside  the  controller,  consequently,  the 
cooling  fan  was  eliminated  due  to  lower  controller  heating.  For  the  pump  assisted  start,  the 
temperature  ready,  accumulator  underpressure  and  the  start  pressure  valve  circuits  were  not 
necessary.  The  combustor  was  determined  to  operate  satisfactorily  at  low  fire  without  reduction  in 
air  compressor  pressure,  consequently,  the  solenoid  valve  was  eliminated.  A  pressure  switch  was 
added  to  shut  off  the  start  pump  after  the  pitot  pump  takes  over.  For  startup,  to  prevent  overriding 
the  start  pump  magnetic  drive,  a  soft  start  circuit  was  also  added. 


SECTION  VI 


COMPONENT  DEVELOPMENT 


VI.  COMPONENT  DEVELOPMENT 


Development  tests  were  performed  on  the  constant  frequency  motor  to  reduce  parasitic  power,  the 
noise  output  of  the  accessory  components,  the  boost  pump  to  improve  cavitation  sensitive 
characteristics,  the  pitot  pump  to  develop  a  cheaper  manufacturing  process,  the  control  valves  to 
provide  more  reliable  operation,  and  the  CRU  to  develop  a  higher  efficiency,  more  vibration  free 
and  less  noise  producing  assembly. 

Following  is  a  discussion  of  each  of  these  development  items: 

CONSTANT  FREQUENCY  MOTOR 

The  constant  frequency  circuit  consists  of  motor,  inverter,  gearbox,  cover,  magneto,  boost  pump, 
air  compressor  and  condenser  fan.  It  was  predicted  to  draw  210  watts  and  measured  to  be  360 
watts.  Without  the  cover,  the  power  consumption  was  346  watts,  anti  the  largest  difference  between 
this  and  predicted  was  due  to  the  1  phase  motor  being  43%  efficient.  A  3  phase  motor  and  inverter 
were  designed.  The  test  data  is  shown  in  Figures  VI-1  and  VI-2.  In  the  operating  region,  the  motor 
runs  at  65%  efficiency  for  an  input  power  requirement  of  270  watts. 

When  compared  to  the  1  phase  motor /inverter,  a  power  savings  of  about  76  watts  is  achieved  and  a 
start  relay  and  capacitor  are  eliminated. 

NOISE 

The  noise  level  of  Set  No.  1  was  excessive.  This  was  largely  due  to  the  vibration  of  the  turbine 
rotating  assembly  inducing  resonances  in  the  hotwell  fore  and  aft  shells  in  which  it  is  mounted.  A 
variety  of  tests  were  conducted  iat  MERDC)  using  Set  No.  \  as  a  test  bed  to  separate  out  the 
excessive  from  the  non-excessive  noise  producing  components  so  that  an  improvement  could  be 
made  with  Set  No.  2. 

Audible  noise  spectrum  data  was  taken  with  the  constant  frequency  motor  and  associated 
•censor  let  operating  and  then  with  the  turbine  and  variable  frequency  circuit  running.  This  data  is 
shown  in  Figure  VI-3,  the  analysis  of  which  is  summarised  below: 

GEARBOX  NOISE 

CALCULATING  FREQUENCIES: 

It)  All  fundamental  constant  speed  motor  gear  mesh  frequencies  are  about  3507.7  Ha.  and  the 
turn  of  gear  mesh  frequencies  are  about  7015.4  Hr. 

(2)  The  magnetomotive  force  wave  frequencies  from  the  electric  motor  are  1550.5  He.  1600.5  He, 
and  1826.5  He. 

(3)  Line  frequency  and  its  first  harmonics  are  05  He  and  130  He. 

(4|  Rotor  unbalance  frequency  is  57.5  He. 


TOWER  WATTS 


l.fcOI  OKAHJC  MKKIK  C*fU 


FIVE  MOST  PROMINENT  FREQUENCIES  FROM  BEARINGS  ARE  LISTED  BELOW: 
(5!  Irregularity  of  a  rolling  element  or  the  case  =  23  Hz. 

(6)  Fundamental  rotational  frequency  of  unbalance  or  eccentricity  =  57.5  Hz. 


(7)  Ball  spin  frequency  =  1 10.4  Hz;  220.8  Hz. 

(8)  Rough  spot  on  inner  race  frequency  =  310.5  Hz. 

(9)  Rough  spot  on  outer  race  frequency  =  207  Hz. 

NOISE  FREQUENCIES  IDENTIFICATION  FROM  TEST  DATA: 

Five  frequencies  with  high  noise  level  in  two  sets  of  noise  spectrum  were  identified  and  shown  in 
the  following  table. 

From  these  data,  it  is  evident  that  the  gear  meshes  caused  the  major  notse  in  the  motor'  gear  system. 
A  redesign  of  the  gear  train  should  substantially  reduce  the  total  gear  motor  noise. 


Inverter 

Orive 

Variac 

Orive 

Cause  Associated  with 

Frequencies 

3510  180  d.B.I 

3490  (76  d.B.I 

( 1 )  Gear  Mesh  (4  gear*  at  the  same 
frequency). 

200  (72  d.B.) 

200  (63  d.B.I 

(9)  Rough  Spot  on  Outer  Race 

31Q  (72  d.B.) 

300  (76  d.B.) 

(8)  Rough  Spot  on  Inner  Race 

600  (72  d.8.) 

590  (68  d.B.) 

(9)  First  Harmonies 

160  (72  d.B.) 

130  (66  d.B.) 

(3)  (4)  (6)  (7) 

IMPROVEMENTS 


IN  GEAR  NOISE  REDUCTION: 


(1)  Helical  types  have  the  advantage  of  maintaining  more  than  tvvo  teeth  in  contact  during 
operation.  Because  of  this,  it  is  possible  to  get  as  much  as  12  d.B.A.  reduction  in  noise  by  using 
them  instead  of  spur  gears. 

(2)  The  finest  possible  pitch  should  be  selected  for  the  given  load  condition.  This  increases  the 
amount  of  tooth  overlap;  the  higher  tooth  overlap  produces  a  smoother  transfer  of  load, 
reducing  dynamic  oscillation  of  the  gear  mesh.  This  also  will  produce  a  higher  mesh  frequency; 
however,  higher  frequencies  are  easier  to  damp  and  easier  to  isolate  than  low  frequencies. 

(3)  The  lowest  possible  pressure  angle  also  can  make  gears  tend  to  be  quieter,  because  the 
transverse  overlap  ratio  is  higher. 

(4)  For  only  one  direction  gear  drive,  recess  action  gears  can  provide  a  further  reduction  in  noise. 

(5)  Gear  noise  at  the  mesh  can  be  reduced  by  designing  so  that  the  total  overlap  ratio  is  an  integral 
number  of  teeth.  (Tests  have  shown  that  if  the  ratio  is  exactly  2.0,  the  smoothest  transfer  of 
load  is  obtained.) 

(6)  Higher  AGMA  quality  level  (12  or  better)  gives  smooth  operation. 

(7)  A  non  integral  gear  ratio  should  be  selected  to  prevent  a  tooth  on  the  pinion  from  contracting 
periodically  the  same  teeth  on  the  mating  gear. 

Based  upon  these  results,  alternative  offset  (constant  frequency)  gearbox  designs  were  made. 

Simultaneously,  accelerometers  were  attached  to  selected  locations  on  Set  No.  1  and  tested  as 

follows: 


Channel 

Location 

Test  Condition 

1 

Aft  CRU  can,  longitudmal 

Constant  f 

motor  running 

1 

Right  front  frame,  vertical 

Constant  f 

motor  running 

4 

Aft  CRU  can,  vertical 

Constant  t 

motor  running 

5 

Mount  plate,  vertical 

o 

c 

V 

i 

motor  running 

6 

Offset  gearbox,  vertical 

Constant  f 

motor  running 

1 

Aft  CRU  ean,  longitudinal 

Turbine  running 

& 

Mounting  plate,  vertical 

Turbine  running 

4 

Aft  CRU  can,  vertical 

T ur bine  running 

Figures  VI  4.  Si,  6  and  7  a re  f  opr  even  UHive  plots  o'  this  data.  Its  analysts  is  summarised  bekMC 


Figure  VI-5  Channel  No.  1  AFT  CAN  longitudinal  Turbine  Running 


Mounting 


Mounting  Plate  Vertical  Turbine  Running 


J 


i 


CPU  NOISE 

CALCULATING  FREQUENCIES: 

(1)  Rote,  unbalance  frequency  ”  625  H2  (37,500  RPM). 

(2)  El  jment  train  passage  or  cage  frequency  0  260  Hz. 

(3)  Ball  spin  and  waviness  frequency  =  1247  Hz,  2494  Hz,  3741  Hr  and  4986  Hz. 

(4)  Rough  spot  on  inner  race  frequency  a  3287  Hz. 

(5)  Rough  spot  on  outer  race  frequency  a  2340  Hz. 

(6)  Variable  contact  compliance  vibration  frequency  *  2340  Hz.  4680  Hz,  and  7020  Hz. 

(7)  Flexural  vibration  of  the  outer  ring  caused  by  inner  ring  waviness  of  lower  order  *  1250  Hz, 
1875  Hz,  2500  Hz,  3125  Hz,  and  3750  Hz. 

FREQUENCIES  IDENTIFICATION: 


Vibration  data  of  Channel  No.  5  was  used  to  identify  vibratory  mecnutiisms.  The  following  table 
shows  the  result. 


Frequency  (He) 

"G”  Level 

Cause  Associated 
with  Frequencies 

620 

7.4 

(1) 

1250 

5.5 

(3)  (7) 

1870 

17.6 

17) 

245Q 

7.5 

(3)  17) 

3100 

1.5 

17) 

3720 

3.1 

(3)  (7) 

4340 

1.9 

(3)  (7) 

DISCUSSION: 

A)  From  these  data,  it  is  evident  tfiat  the  rotor  unbalance,  ball  waviness,  and  inner  rtng  wav  mess 
of  different  orders  caused  the  major  vibration  in  this  rotor-bearing  system. 

8)  The  blade  passing  frequency  t«  above  the  data  cut-off  (>70K  Ha). 

C)  Random  type  vibration  is  negligible. 


IMPROVEMENTS: 


A)  Better  rotor  balance  (flexural  rotor  balance  may  be  needed)  gives  smooth  operation. 

B)  An  increase  in  the  number  ef  balls  results  in  a  reduced  vibration  level  generated  from  ring  and 
bads  wavmees.  For  example,  the  chants  of  rune  bails  to  eleven  balls  could  reduce  the 
correlative  vibration  level  by  10%. 


-  -v ) 


C)  Axial  lewd  and  alignment  of  the  bearing  should  be  carefully  designed  and  checked,  the  loose 
twlls  passing  the  unload  /one  or  insufficient  lend  height  creates  additional  vibration. 

It  should  be  noted  that  this  data  was  taken  with  the  turbine  operating  at  37.500  RPM.  Based  upon 
these  test  results,  the  following  changes  were  implemented  to  the  CRU  to  reduce  imbalance  induced 
vibrations: 


Type  Norrle 


Forward  Can  Aft  Can 


Bending  Criticals 


EP2559  1228  Stainless  Steel  Aluminum 

Used  on  Set  1  .032  thick  .032  thick 


32  Krpm,  pump  hsg. 
48  Krpm,  no  pump 


EP2559  1228A  Stainless  Steel 

Used  on  Set  2  .075  thick 


Stainless  Steel  65  Krpm.  pump  hsg. 

.075  thick  both  ends 


It  should  be  notes!  that  the  noise  emitted  from  Set  1  is  significantly  greater  than  the  specification. 
The  ma|or  contributor  is  the  CRU  noise.  The  changes  tnat  were  implemented  for  Set  2  we 'e  based 
upon  analysis  of  the  data  from  Set  1  and  were  limited  to  those  items  that  could  lit  readily 
implemented  to  qualitatively  reduce  noise.  A  significant  reduction  in  the  component  noise  levels 
have  been  made.  When  performance  testing  Set  2,  no  measurements  of  noise  level  were  made.  To 
the  naked  ear,  the  noise  level  of  Set  2  has  been  reduced  significantly  over  that  of  Set  1.  Although 
improved,  the  CRU  hotwell  shell  still  apjiears  to  be  acting  as  an  amplifier  such  that  the  Set  is  not 
sufficiently  quiet  to  meet  the  specification.  The  improvements  need  to  be  carried  further  to  reduce 
noise  to  an  acceptable  level. 


Since  the  notwell  shell  was  responding  to  the  rotating  assembly  imbalance,  a  significant  reduction  m 
the  amount  of  imbalance  would  also  help  to  reduce  noise.  Consideration  was  given  to  both 
unproved  low  speed  twlanemg  and  balancing  at  speed.  Fof  Set  2.  the  low  speed  (’-2000  rprn) 
balancing  was  unproved  from  0.002  to  0.0002  in  oi  unbalance.  Though  not  employed,  further 
improvement  would  be  made  by  balancing  at  speed  at  this  sensitivity. 


OFFSET  GEARBOX 

Four  ^sarbo*  design  approaches  wete  considered  as  presented  in  Table  VI  A.  The  Berg  sprocket  belt 
driven  carbon  is  shewn  as  an  example  in  Figure  VI  8.  Each  gearbo*  was  installed  in  Set  No.  1  and 
tested  with  a  microphone  located  at  the  center  of  the  condenser  louvers  5  foot  from  the  Set  on  each 
side.  The  following  data  are  attached: 


Table  VI  8  Gear  and  Belt  Data 


Figure  VI-9  Gear  and  Belt  off  Flat  (worst  ease) 
Table  VI  C  Bed  Data 


Figure  VITO  Belt  dbf  Plot  (worst  Case) 
Table  VI  0  Berg  Gata 
F  igure  VIII  Berg  db  f  Plot  (worst  Case) 


*=*SS 


Table  VI  A  G*Mboi  Deugn  Appia«h«t 
Type  Gear  No.  Teeth  Pitch  cli«.  Speed  (rpmj 

Spur  (Set  1)  1  61  1.906  3450 

2  42  1.312  5010 

3  46  1  437  4575 

4  75  2.344  2806 

Belt  Drive  1  18  1.375  3450 

2  12  .764  5117 

4  22  1.401  2820 

Berg  Drive  1  22  1.162  3450 

2  15  .812  5057 

4  28  1.462  2710 

1  85  1.906  3450 

2  60  1.348  4887 

3  66  1.480  4443 

4  105  2.358  2792 
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Table  VI  E  Helical  Data 


Figure  VI  12  Helical  db-f  Plot  (worst  case) 

From  these  tables  and  figures,  Table  V I -F  (summary  of  the  peak  db  for  each  location  and  ranked 
from  (1)  the  quietest  to  (4)  the  noisiest),  and  Table  Vl-G  (summary  of  the  selection  tradeoff),  the 
selection  of  the  Berg  version  was  made.  This  gearbox  is  shown  in  Figure  VI-13. 

While  limited  noise  data  was  taken  on  the  variable  speed  gearbox,  the  levels  were  considerably  lower 
than  tor  any  of  the  above.  It  is  also  buried  in  the  lower  compartment  of  the  Set  and  no 
improvement  in  noise  was  attempted  although,  based  upon  the  desirable  results  of  the  constant 
frequency  offset  gearbox,  significant  improvement  could  be  made. 

CRU  (COMBINED  ROTATING  UNIT) 

The  redesigned  CRU  is  shown  in  Figure  VI-14.  Because  the  turbine  balance  assembly  is  installed  in 
the  hotwell  which  is  made  of  thin  gauge  material  for  minimal  weight,  it  is  capable  of  acute 
vibration.  Simultaneous  with  the  relocation  of  the  pitot  pump  from  the  forward  to  aft  end  of  the 
assembly,  the  turbine  wheel  overhang  was  reduced. 

Critical  speeds  were  determined  by  an  analysis  which  includes  the  gyroscopic  effects  and  the  spring 
mounts  (bearings)  for  any  spin  to  whirl  ratio.  Also  a  normalized  mode  shape  of  the  shaft  deflection 
is  given  tor  each  critical  speed. 

Utilizing  a  spin  to  whirl  ratio  of  1.0  (synchronous  whirl)  and  bearing  stiffnesses  of  250,000  Ib/infor 
each  tearing,  the  first  three  critical  speeds  were  calculated  for  seven  configurations.  Table  VI  H 
shows  critical  speeds  and  mode  shapes  for  each  configuration. 

In  order  to  push  the  critical  speeds  out  of  the  operat.ng  range  either  increasing  the  shaft  thickness 
(new  bearings)  or  decreasing  the  length  of  the  overhang  could  be  incorporated.  If  0.2  inch  is 
removed  from  the  turbine  overhang  end  and  0.25  inch  removed  from  the  pump  overhang  end,  the 
critical  speed  is  pushed  up  to  58,000  rpm  (Configuration  6).  With  a  titanium  pump  housing  the 
critical  speed  is  03,000  rpm  (Configuration  7), 

Confi  xiration  7  was  selected  with  a  slightly  smaller  pump  overhang  so  that  the  bending  critical 
speeds  at  both  turbine  and  pump  end  are  65,000  rpm.  This  is  18%  above  the  55,000  rpm  operating 
speed  and  is  considered  sufficient,  though  in  the  long  run  slightly  more  margin  is  desirable.  The 
turboalternator  is  shown  in  Figure  VI-15. 

After  this  redesigned  CRU  was  fabricated,  a  series  of  development  tests  were  conducted  using 
gaseous  dry  nitrogen  as  the  test  gas.  With  the  redesigned  nozzle  plate  (EP2559  1228A)  in  the 
as  received  condition,  stall  torques  were  measured  and  compared  to  the  original  (Set  No.  1)  nozzle 
plate  and  the  te-t  plate  (flat  plate)  used  as  a  basis  for  establishing  the  nozzle  spacing.  This  data  is 
shown  in  Tables  VI  I  and  VI -J  which  revealed  poor  performance.  Consideration  was  given  to 
possible  manufacturing  error  so  the  drawing  and  hardware  were  examined  tor  possible  discrepancies, 
e.g..  nozzle  overlap,  nozzle-blade  gas  impingement,  nozzle  profile,  snd  blade-diffuser  impingement. 
Multi-size  layouts  and  shadowgraph  tracings  of  the  hardware  were  made  which  indicated  that  the 
new  nozzle  plate  is  dimensionally  as  accurate  as  the  previous  ones.  One  possible  improvement  would 
have  been  slightly  greater  nozzte-to  blade  height  lap  ratio.  A  series  of  spin,  flow,  and  acceleration 
tests  were  made;  data  show  in  Table  VI  K.  The  conclusion  from  this  testing  is  that  the  as  received 
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T  able  VI  F  Data  Summary 


Octave 

Center 

Hz_ 

Right 

Side 

Rear 

Left 

Side 

Control 

Panel 

Avg. _ 

Belt  Drive 

66.0 

69.0 

69.0 

67.0 

67.75 

63 

Berg  Drive 

61.5 

59.0 

57.0 

68.5 

61.50 

Helical  Gear 

61.0 

61.5 

58.0 

69.5 

62.50 

Spur  Gear 

65.0 

64.0 

66.0 

65.0 

65.0 

Belt  Drive 

63.0 

63.0 

63.0 

64.0 

63.25 

125 

Berg  Drive 

60.5 

60.5 

60.0 

58.5 

59.875 

Helical  Gear 

60.0 

61.5 

61.5 

59.5 

60.625 

Spur  Gear 

63.0 

63.0 

64.0 

63.0 

63.25 

Belt  Drive 

71.0 

79.0 

73.0 

74.0 

74.25 

250 

Berg  Drive 

72.0 

74.5 

72.0 

76.0 

73.625 

Helical  Gear 

72.0 

78.0 

72.5 

81.5 

76  0 

Spur  Gear 

72.0 

80.0 

70  0 

74.5 

74.125 

Belt  Drive 

70.0 

72.0 

70.0 

68.0 

70.0 

500 

Berg  Drive 

70.5 

71.0 

71.0 

70.0 

70.625 

Helical  Gear 

71.0 

72.0 

72.0 

72.0 

71.75 

Spur  Gear 

69.0 

71.0 

68.5 

67.5 

69.0 

Belt  Drive 

58.0 

70.5 

69.5 

67.0 

68.75 

1000 

Berg  Drive 

69.5 

70.0 

69.0 

66.0 

68.625 

Helical  Gear 

i0.5 

72.0 

70.0 

69.0 

70.375 

Spur  Gear 

67.5 

69.0 

705 

68.0 
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820 

79  75 
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Table  Vl-Q  Selection  Tradeoff 
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32 
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0 
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0 

JO 

J 

4 

4 

4 

4 

Pwr.  Consumption 
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(Taken  on  *1  Unit) 

Selection 
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Based  on  lowest  power  ^ 
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nuzzle  plate  was  not  adequately  clean  and  installing  flush  parts  to  clean  the  nozzles  was  sufficient  to 
enable  predicted  performance  10  De  achieved.  There  was  still  a  discrepancy  between  measured  and 
calculated  flow  through  the  nozzles  so  ^  'ter  brass  plugs  were  installed  in  place  of  the  steel  plugs  to 
minimize  leakage  that  might  escape  through  the  flush  ports.  The  resulting  non  dimensionless  data  is 
shown  in  Table  Vl-L  and  Figure  VI-16  from  which  it  can  be  seen  that  reasonable  correlation  to 
prediction  exists. 

VALVES 

Three  hot  gas  solenoid  valves  are  used  in  the  Set,  one  shutoff  and  two  control  valvns.  Two  designs 
were  tested,  one  designated  AG56C-21  and  the  other  GA-1 73 1 0.  Both  afe  pilot  actuated  valves  with 
the  former  being  significantly  smaller,  lighter  in  weight  and  more  leak  tight  than  the  latter.  This 
valve  is  used  in  Set  No.  1  and  often  experienced  sticking.  They  were  replaced  with  the  GA-17310 
valves  which  cycled  well  (except  at  low  voltage  conditions). 

For  Set  No.  2  both  valves  were  modified.  The  AG56C  21  internal  clearance  was  increased.  The 
GA  17310  valve  was  modified  for  a  Hastelloy  25  seat  and  a  Stellite  6  hard  fating  over  17  4  PH 
poppet  for  better  internal  leakage  and  long  term  endurance.  The  solenoids  of  both  were  also 
increased  in  size  tor  higher  pull-in  power  at  lower  voltage. 

The  GA  17310  valves  are  used  in  Set  No.  2  and  have  performed  flawlessly  during  testing. 

PITOT  PUMP 

The  Set  No.  1  pitot  probe  (EP2559-1 1481  opern'ed  at  28%  efficiency  (reference  Figure  VII  9).  and 
was  internally  milled  and  externally  shaped  by  hand.  In  an  effort  to  reduce  the  cost  of 
manufacturing  the  Set  No.  2  pitot  probe  (EP2559  5969)  was  stamped  internally  and  milled  to  shape 
externally  with  minimum  hand  fimshinq  This  accounts  for  the  more  simplified  shape  of  this  probe. 
Rig  tests  showed  little  difference  in  performance  between  the  long  and  short  nose  versions  of  a 
given  configuration  so  the  Set  No.  2  probe  was  made  with  the  short  nose.  Little  difference  was 
intuitively  expected  in  efficiectcy. 

BOOST  PUMP 

The  boost  pump  (Micropump  Model  1090316-961)  supplied  with  Set  No.  1  included  a  2  fluted 
inducer.  The  pump  showed  difficulty  in  priming  and  operating  at  a  law  NPSH.  It  was  concluded 
that  an  improved  pump  would  be  desirable. 

For  Set  No.  2,  two  other  configuration  pumps  were  tested.  One  was  a  Micropump  Model 
10  90  316-961  modified  with  a  single  flute.  This  pump  experienced  less  difficulty  in  pruning  and 
was  able  to  pump  its  rated  eapaeity  down  to  9.5  psia  where  the  pump  lost  prime. 

The  other  configuration  pu.np  tested  was  Mierepump  Model  12  00-303703  gear  pump  modified 
with  an  oversized  13/8“  diameter!  mlet.  No  difficulty  was  experienced  in  priming  under  very  tow 
conditions  of  NPSH  and  Use  pump  exceeded  capacity  requirements  in  both  bead  rise  and  flow.  The 
pump  was  tested  under  simulated  conditions  in  the  hetwell  with  CP  25  as  the  working  fluid  down 
to  NPSH  ^0.73  psia  and  an  inlet  head  of  4.5  inches.  The  pump  performed  satisfactorily  under  these 
conditions  and  was  able  to  execute  a  senes  of  starts  and  stops  without  loamy  prime.  The  pump 
characteristics  are  shown  in  Figure  VI- 17. 
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7 
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1150 

14 
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500  PSIG©  61.5  Krpm 

Poet  Brass  480  PSIG  ©  57  Krp/n 

7  NOZZLES 
MEASURED  E  -  26.6 
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There  are  conditions  in  the  set  where  the  NPSH  could  be  on  the  order  of  the  height  of  the  fluid  over 
the  inlet  of  the  pump.  The  worst  case  occurs  at  shutdown  or  during  a  load  reduction  where  the 
condenser  fan  cools  the  condensate  to  a  temperature  below  that  of  the  fluid  in  the  hotwell.  Under 
this  condition  the  saturated  fluid  in  the  hotwell  will  boil.  To  ascertain  the  capability  of  the 
12-00-303-763  modified  configuration  pump  to  continue  to  pump,  this  condition  was  simulated 
using  water  in  a  bell-jar  and  pulling  vacuum  until  a  rolling  boil  occurred.  Visually,  it  was  observed 
that  pumping  continued. 

It  was  decided  if  even  a  slight  amount  of  subcooling  could  be  done  between  the  hotwell  and  the 
inlet  of  the  pump,  that  some  positive  margin  in  pumping  characteristics  could  be  maintained.  A 
calculation  at  a  160°F  hotwell  temperature  and  100°F  air  temperature  surrounding  the  3  inch  + 
transfer  tube  indicated  that  by  finning  the  tube,  2°F  of  subcool  could  be  induced. 

The  cooling  fins  and  the  as-described  modified  gearpump  were  selected  for  Set  No.  2. 

START  APPROACH 

The  Set  No.  1  start  approach  depends  upon  an  accurate  measurement  of  the  heater  fluid 
temperature  to  trigger  the  opening  of  the  shutoff  and  control  valves.  With  the  accumulators  in  the 
system  to  absorb  the  expanding  fluid  backflowing  from  the  heater,  system  pressure  would  build  up 
as  the  temperature  increased.  When  the  temperature  and  pressure  are  in  the  vicinity  of  the  design 
point,  the  valves  are  signaled  to  open  and  the  turbine  would  accelerate  to  control  speed  in  a  matter 
of  seconds. 

The  heater  outlet  is  at  the  high  point  and  so  the  control  thermocouple  was  placed  at  the  outlet 
under  the  hypothesis  that  the  hotter  fluid  would  migrate  there.  The  result  was  that  with  the  valves 
closed  during  the  heatup  period,  the  thermocouple  was  not  sufficiently  buried  in  the  heater  to  be 
exposed  to  the  maximum  temperature  of  the  fluid.  Overheating  of  the  fluid  during  startup  could 
occur  and  was  prevented  by  premature  manual  actuation  of  the  valves  to  expose  the  thermocouple 
to  flowing  fluid.  Only  then  did  it  accurately  register  the  temperature.  To  rectify  this  condition  for  a 
satisfactory  automatic  start  approach  tor  Set  No.  2,  the  following  was  considered: 

Construct  new  heater  with  buried  temperature  sensors. 

Sense  heater  inlet  to  pick  up  the  temperature  of  the  fluid  backflowing  out  during  heatup. 
Cycling  the  start  flow  valve  to  intermittently  expose  the  outlet  thermocouple  to  hot  fluid. 

Use  pressure  as  an  indication  of  the  start  signal. 

Bootstrap  or  assisted  bootstrap  start  of  which  there  are  a  variety  of  techniques. 

Any  of  these  approaches  required  a  change  to  the  controller.  Additionally,  an  important 
consideration  was  the  differences  in  complexities  between  the  various  methods. 

Tests  wete  conducted  at  MfcHUC  on  Set  No.  1  modified  for  a  start  pump  assisted  bootstrap  start. 
These  were  not  fully  automatic  starts  but  were  manually  assisted,  This  data  is  presented  in  Figures 
Vl-18,  VI  I9,  and  VI  20.  These  simulated  starts  are  acceptable.  A  plot  et  pump  pressure  fpitot 
pump  agamst  thar  used  on  Set  No.  1)  vs.  speed  (Figure  VI-31)  implies  that  the  p«©i  pump  wdl 
overcome  the  start  pump  at  about  1 18  per  and  21.000  »pm. 
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These  tests  provided  justification  to  switch  to  a  start  pump  assisted  start  approach  using  a  pump 
with  sufficient  margin  to  provide  the  required  pressure  at  10  nozzles  worth  of  flow.  A  calculated 
flow  value  of  about  0.1  gpm  as  a  minimum  would  be  necessary  to  be  provided  by  the  start  pump. 

Two  Wankel  rotor  pumps  were  tested;  data  is  presented  in  Figures  VI  22  and  VI-23.  At  the  risk  of 
heing  oversized,  the  P260  pump  was  selected  due  to  the  marginal  head  rise  of  the  P193A1  pump. 
The  finished  hermetic  assembly  is  shown  in  Figure  VI-24. 
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SECTION  VII 


SYSTEM  DEVELOPMENT 


Vlt.  SYSTEM  DEVELOPMENT 


Unit  No.  2  was  testfid  as  a  comolete  packaged  system  except  that  the  control  box  was  not  instated 
and  an  external  power  supply  v.as  used  to  operate  the  start  jump  and  several  parasitic  loads.  Figures 
V 1 1 -1  through  VII  5are  vario;  .,  views  of  the  2‘  x  2'  x  2'  system. 

Thirty  (30)  tests  were  conducted  at  Sundstrand  and  sixteen  (16)  conducted  at  USAMERDC 
laboratories  which  form  the-  basis  of  knowledge  about  the  system  at  this  writing.  Throughout  the 
test  program  several  changes  were  made  ‘o  improve  operation.  Figure  VII-6  is  a  schematic  which 
represents  Sundstrand  post  dun  017  tests  while  Figure  VII-7  i  a  update  illustrating  changes  made 
at  USAMERDC  imost  of  these  changes  were  made  prior  to  6-20-75). 

Test  data  is  illustrated  in  Table  VH-A  (Sundsuand  tests)  with  data  analysis  illustrated  in  Table 
Vll-B.  Table  Vll-C  lists  data  an  J  analysis  conducted  on  the  Set  at  USAMERDC.  The  results  of  these 
tests  indicate  that  the  Set  is  not  producing  the  required  amount  of  output  power.  The  following 
discussion  elaborates  on  this  result. 

The  changes  made  between  F-  es  VII-6  and  VII-7  were  an  a’tempt  to  isolate  possible  heat  shunts 
to  ascertain  any  effect  on  oi  ower.  These  included  the  fc  Mowing: 

Two  of  four  condenser  drains  capped  to  induce  the  condensate  to  drain  tnrougn  two  active 
drains. 

Hand  valve  installed  in  the  one  of  two  active  drains  which  dumps  condensate  into  the  hotwell 
close  to  the  exhaust  housing. 

The  regenerator  condensate  drain  closest  to  the  regenerator  vapor  inlet  port  had  a  hand  valve 
installed. 

The  effect  of  these  with  and  without  the  valves  open  did  not  materialize  in  any  obvious  change  to 
the  output  power.  In  addition,  the  hotwell  was  modified  so  that  condensate  would  drain  through 
the  main  hotwell  into  a  modified  hotwell.  This  also  had  no  noticeable  change  in  output  power. 
Other  differences  between  Figures  VII-6  and  VII-7  are  immediately  downstream  of  the  start  and 
pitot  pumps  to  gain  knowledge  about  automatic  start  characteristics. 

STEADY  STATE  OPERATION 

Figure  V 1 1-8  summarizes  the  original  design  point  performance.  Review  of  the  Tables  VH-A,  B,and 
C  indicates  that  the  data  falls  into  two  categories: 

Data  at  greater  than  des.gn  turbine  inlet  pressure  (PNI) 

Data  at  greater  than  design  turbine  outlet  pressure  (Pc  +  AP  =  Pc  -*  .3) 

This  partly,  but  not  fully,  explains  the  low  power.  Other  contributing  areas  are  summarized  as 
follows: 
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(1) 
Set  1 


(2i 
Set  2 


(3) 

Ocsign  Pt. 


Heater  efficiency 

83 

.82  .84 

.88 

Regenerator  effectiveness 

80 

69-74 

.855 

Pitot  pump  efficiency 

.28 

.124-165 

.35 

Turbine  Efficiency 

.31 

(1)  (21  (3) 

62 

He.it  Shunts 

Not  considered  ? 

0 

The  ijuality  ol  the  data  on  Set  2  exceeds  that  on  Set  1  Nonetheless,  it  uptiears  that  healer  and 
regenerator  jiertorrnance  is  down  slightly.  This  may  be  due  to  manufacturing  QC  for  the  heater  and 
either  core  to  housing  fit  and 'or  slightly  undersize  for  th'  regenerator.  These  can  be  controlled 
at  the  design  levei  and  do  not  represent  an  R  8t  D  effort. 

The  expectation  for  23%  pitot  pump  efficiency  for  Set  2  was  based  01*0''  the  data  obtained  for  Set 
t  This  is  shown  in  Figure  VII  9  along  vith  a  plot  of  Set  2  pitot  pump  power  consumption.  The  Set 
2  pitot  probe  was  designed  to  be  more  cost  effective  than  that  of  Set  t.  These  differences  are 
elaborated  upon  m  the  improvements  section. 

The  turbine  jierforrnance  ot  Set  1  was  low  primarily  doe  to  the  separation  distance  between  the 
nozzles.  The  efficiency  ot  the  turbine  ot  Set  2  was  investigated  m  several  ways.  The  data  Of  Tables 
VII  U  and  VII  C  shows  turbine  efficiencies  based  on  shaft  power  (calculated  from  measured  output 
power  *  rectifier  and  generator  losses  ♦  parasitic  losses  *  bearing  and  rotor  windage  losss-s)  ami 
enthalpy  (based  on  measured  turbine  inlet  temperature  and  pressure).  These  range  from  27$  to 
59.6%  wi’n  the  lower  efficiencies  occurring  at  higher  than  design  turbine  back  pressure. 

Figure  /II  It)  is  a  recording  of  Run  030  from  which  the  slope  ot  the  accelerating  and  decelerav'% 
portions  of  turbine  speed  trace  was  used  to  determine  shaft  power  and  predicted  turbine  efficiency. 
This  data  is  summarized  in  Table  Vtl  D  from  which  the  following  is  evident: 

Measured  m  and  predicted  m  CP  25  agree 

Calculated  shaft  loss  and  that  based  on  output  power  generally  agree 

Calculated  gt  based  on  accelerabon/deceleration  analysis  agrees  with  the  average  r/t  calculated 
from  output  ppwef  considering  that  How  to  the  turbine  is  cycling  from  5  to  2  nozzles  to 
maintain  tuibme  speed  at  55  1  f  Krpw  Thus  the  turbine  appears  to  be  operating  close  ip 
predicted  though  the  spaed  trace  scale  makes  quaht 1  analysis  dilficult. 

Tufbme  effieteney  depends  upon  inlet  conditions,  exit  conditions  and  degree  of  admission.  As 
shown  m  Table  VII  0.  the  partial  admission  effect  is  significant  (2  noz  vs.  5  noz  gi) 

A  fuzthef  analysis  was  performed  to  detef  muse  it  heat  tons  tn  the  nozzle  housing  was  contributing  to 
tow  power  output  Figure  Vlt  1 1  >a  a  sketch  illustrating  possible  heat  flow  paths.  The  following  data 
yomts  were  selected  because  they  represent  a  wide  range  of  turbine  inlet  and  outlet  conditions 

Hun  Conditions 
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028  2  Hotwell  liquid  level  contacting  turbine  housing 
Design  po.nt  turbine  outlet  conditions 

16  5  Hotwell  liquid  level  ■  0.  How  through  into  modified 
&  hotwell  Iholdmg  tank  attaches!  tc  bottom  of  hotwe  ■' 

16  ?  Ocsign  point  turbine  inlet  condition 

The  ot)|ective  of  the  analysis  was  to  determine  turbine  efficiency  usir  .  u  data  an)  considering 
heat  losses,  to  determine  why  the  regenerator  vapor  inlet  temperate?,;  n  30  60°F  lower  than  it 
should  be  and  why  the  different  hotwell  liquid  level;  did  not  ma.  '  mre  in  a  significant  change  in 
output  power.  It  is  worth  noting  that  Set  2  has  produced  up  to  4 7 V-  .  am  net  output  power,  but  for 
all  the  tests  on  the  average,  net  output  power  is  close  to  rero 

Three  heat  transfer  analyses  were  conducted  me  wet.  partially  dry.  and  dry  cases  to  simulate  the 
following  conditions  respectively  U)  hotwell  liguu!  level  contacting  the  nollle  plate.  (2)  hotwel! 
liquid  level  below  the  no/de  plate  with  the  bearing  drainage  flowing  down  the  face  of  the  plate  and 
( 3)  no  liquid  .n  the  hotwell  with  the  bearing  drainage  not  contacting  the  face  of  the  plate.  Note  that 
iati  experiments  imply  the  beating  drainage  flows  down  the  lace  of  the  plate  Table  VII  E  is  a 
summary  o'  this  analysis  for  Run  030  1  which  indicates  that  the  wet  case  fias  approximately  twice 
the  heat  loss  as  the  dry  case,  and  the  predominant  loss  is  the  heat  Mow  to  the  wheel  Table  VII  F 
uses  these  heat  flows  and  applit >  .tu  n  to  the  various  tests  to  determine  which  case  best  repiesents 
each  test,  how  the  predicted  regenerator  vapor  inlet  temperature  (TRVIi  compares  to  that  measured 
and  what  the  real  turbine  efficiency  is  factoring  in  heat  losses.  The  asterisks  in  Table  VII  F  indicate 
the  cases  which  typify  each  test  run  by  choosing  the  ease  that  most  clearly  matches  measured 
THVI  For  example,  the  partially  dry  case  best  describes  Run  030  1  since  the  calculated  TRV‘ 
only  12°F  lower  than  that  measured.  The  heat  'oss  at  the  inlet  of  the  turbine  is  small  but  is  a  factor 
The  corresponding  turbine  efficiencies  compare  well  with  the  data  of  Tables  VII  B,  C,  and  D  The 
turbine  efficiency  ut  Run  016  is  low  due  to  the  very  high  back  pressure  As  the  design  point  d 
approached,  the  turbine  efficiency  becomes  higher  atkl  approaches  that  of  Run  030  t 

From  this,  a  prediction  is  made  of  the  expected  output  power  with  the  correct  tfesign  tuibme 
conditions  and  what  may  be  expected  if  the  performance  of  ceftam  components  is  improved  For 
this  analyses,  it  is  assumed  that  design  point  conditions  are  achieved  at  the  m!et  and  exit  of  the 
turbine  (bv  reducing  non  condensible  leaks  into  the  low  p'essufe  side  of  the  system)  and  that  heat 
losses  can  be  reduced  to  the  dry  Case  Additionally,  the  generator  and  rectifier  losses  are  taken  as 
the  worst  possible  case  (would  be  lower  using  T  RV,1  data.  referents  Figure  VII  12)  and  par  asdics  are 
taken  as  the  highest  rtsiasured  (range  -  466  -60S  watts!  It  is  further  aua-msd  that  the  reduction  m 
heat  loss  m  the  wheel  only  improves  shaft  power  indirectly  through  greater  regeneration  and  the 
ability  of  the  system  to  support  greater  mass  Mow 

Thus,  the  results  of  this  analysis,  presented  at  Table  VII  (a.  are  Conservative  and  imply  the 
following 

With  a  SB  ijt.  656  walls  is  the  mas.mum  power  that  Can  be  expected  Out  of  Sat  2  a-  design 
point  conditions. 

The  effect  lit  heal  kaes  is  not  significant 


The  pitot  pump  is  the  greatest  contributor  to  krw-  output  power 


Hoi  Gas  — •  Wheel  (Q^l 
Disc  Friction  (Dt) 

Pumping  (P) 

Total  Loss  from  Exhaust 


Run  030  conditions 

n  -  77.3lb/hr 
TNI  -  840°F 
PNI  -  974  psia 
Pc  *  3.6  4.0  psia 


Scaven<imu  LoxsU)  -  410  9/hr 
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Reducing  the  heat  loss  and  increasing  the  performance  ot  the  regenerator,  pitot  pump  and 
heater  will  bring  output  power  to  1.2  —  1.6  KW  at  a  10  4  -  13  9”o  thermal  elliciencv 

Higher  output  power  may  tie  obtained  by  more  fuel  through  put. 


SECTION  VIII 
IMPROVEMENTS 
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STARTUP 


J 


VIII.  IMPROVEMENTS 


Automatic  startup  was  not  achieve.)  on  Set  2.  This  was  due  to  two  factors: 

1)  Too  high  a  degree  of  flow  from  the  start  pump  which  precluded  enough  temperature  rise  in  the 
fluid  prior  to  pi  tot  pump  takeover. 

2)  Possible  takeover  by  the  pitot  pump  at  too  low  a  turbine  speed  and.or  at  too  low  a  working 
fluid  temperature. 

These  conditions  caused  the  system  to  reach  a  tiootslrap  equilibrium  pom:  at  a  temperature  below 
the  critical  point,  at  a  flow  above  the  design  pom;  and  at  a  s(>eed  below  rated. 

The  start  pump  is  overtimed  and  needs  to  have  its  output  reduced  to  effect  a  bootstrap  start  that  is 
compatible  with  the  fluid  heat  input  and  turbine'pitot  pump  dynamics. 

OUTPUT  POWER  AND  EFFICIENCY 

As  the  d.scussion  m  Section  VII  indicates,  these  factors  relate  to  several  components 

TURBINE  The  turbine  appears  to  tie  operating  close  to  design  though  low  by  several  points. 
Increasing  the  lap  ratio  would  allow  more  optimum  entry  of  the  gases  into  the  blade  passage.  Design 
point  efficiency  of  this  same  turbine  with  a  higher  lap  ratio  has  been  achieved  on  the  Remeom 
program. 

REGENERATOR  On  Set  1  the  regenerator  showed  better  performance  than  on  Set  2  The 
construction  is  that  of  a  core  slipped  into  a  housing.  The  implication  .s  that  there  may  be  a 
significant  amount  of  side  leakage  around  the  eote  on  the  Set  2  regenerator  that  did  not  exist  on  Set 
t  Tighter  dimensional  control,  investigation  of  thermal  fatigue 'expansion  characteristics  and 
improved  design  quality  should  increase  the  effectiveness  to  the  design  value. 

HEATER  The  heater  efficiency  is  also  lower  than  that  of  Set  I  and  a  few  percentage  points  lower 
than  design.  Fundamentally,  a  fin  tube  heater  would  be  more  reproducible  than  the  preterit  B  B 
design.  The  design  point  efficiency  m  a  fm  tube  design  is  achievable  m  (he  same  volume  and  at 
reduced  weight  in  the  3  3  type. 

PARASlTtCS:  The  efficiency  of  the  constant  frequency  motor  f educed  parasibes  by  a  net  of  50 
watts  factoring  m  the  increased  power  of  the  quieter  constant  frequency  gearbox.  Further  reduction 
ean  be  achieved  particularly  if  a  Single  variable  speed  motor  is  u*d  to  Support  all  Porasities  rathe# 
than  the  present  variable  and  constant  speed  motors  each  driving  selected  parasitic  devices. 


EFFICIENCY  (n  summarising  the  efficiency  that  can  be  expected  with  another  generation  of 
hardware,  from  Seenon  VII  it  is  seen  that  improvements  w  heat  lots  control,  prtot  pomp  efficiency, 
numerator  effectiveness  and  heater  efficiency  will  yield  1  ?  -  1.3  KW  at  fQ4  -  ISSK  thermal 
efficiency.  Further  improvement  mav  also  be  matte  by  increasing  turbme  lap  ratio  and  reducing 
parasitic  lOsteS. 

t>tTQY  FuUF*  The  original  prediction  of  pilot  pump  performance  was  3b V  that  obtained  on  Set 
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1  was  28 "ii  and  lor  Set  2  was  about  15-  16  V  Figure  VIII  1  illustrates  the  differences  between  the 
Set  1  and  Set  2  probes  The  probe  for  Set  2  was  constructed  in  such  a  way  js  to  be  less  expensive  to 
fabricate.  In  so  doing,  several  characteristics,  such  as  the  leading  edge,  X  sectional  symmetry,  and 
inlet  geometry  of  the  nose  changed.  The  housing  cavity  is  also  different  It  is  hypothesized  that 
probe  drag.  recircV-i  on  and/or  sidewall  effects  of  the  housing  are  inducing  excessive  losses. 

An  investigation  was  made  to  determine  it  the  theoretical  probe  drag  losses  are  consistent  with 
achieving  the  original  efficiency  predictions  which  were  obtained  using  scaling  criteria.  T utile  VIII  A 
is  a  summary  of  measured  power,  predicted  power  and  drag  losses  as  a  (unction  of  drag  coefficient 
Literature  for  streamline  struts  and  foils  indicate  a  Cq  *  009  is  common  which  results  in  a  power 
loss  of  63  w.  Adding  extra  drag  for  the  nose  (Cq  1  considering  as  a  scoop)  increases  the  power 
loss  to  188  w  including  the  centrifugal  seal  loss.  This  does  not  include  recirculation,  sidewall  effects 
and  internal  inlet  drag  and  is  less  than  a  35"'o  pump  would  permit  ia  total  (lower  of  215  vv) 
However,  the  proximity  of  sidewalli  can  push  Cp  to  .1  and  in  this  case  drag  *  600  w  which  is 
comparable  to  that  measured  on  Set  2. 

This  discussion  indicates  that  there  are  geometric  explanations  tor  the  higher  Set  2  pitot  pump 
powei  loss.  To  reduce  the  losses  to  that  originally  predicted  is  realistic  but  will  require 
experimentation  with  the  variables  to  arrive  at  the  desired  pump  efficiency. 

NOISE  While  significant  improvement  was  made  in  gearbox  emitted  noise,  the  CRU  is  still  the 
maior  noise  producer.  Although  between  Set  1  and  Set  2  the  noise  level  was  reduced  (stiffening  the 
hotweil).  it  is  not  sufficiently  low  to  meet  die  noiseless  100  meter  requirement.  The  reason  is 
largely  due  to  all  the  resonances  of  ttie  hotweil  not  being  eliminated.  Thus,  the  hotweil  responds  to 
the  rotational  disturbance  of  the  turbine  assembly.  Further  improvement  could  be  made  by 
reducing  the  input  disturbance  This  would  require  improving  die  balance  of  the  rotating  assembly 
by  balancing  in  the  operating  speed  region.  Sundstrand's  Remeom  power  plant  is  an  example  of  a 
very  quiet  machine  It  is  heavy  but  nonetheless  attests  to  the  solution  approach  of  stiffening  the 
hotweil  as  the  method  to  preclude  responding  to  trie  one  tier  rev  of  the  turbine  rotating  assembly 
Minimal  weight  increase  would  be  incurred  by  using  ribs,  belter  mount  arrangement,  elimination  of 
dais  on  the  hotweil  which  easily  deflect,  and  a  non  cantilevered  mounted  turbine  rotating  assembly 
to  eliminate  its  own  self  induced  vibration. 

BOOST  PUMP  Between  Set  1  and  Set  2  an  improved  c<iosl  pump  was  developed,  however,  there 
are  circumstances  whefe  boiling  oeeurs  as  die  condenser  ovc>eools  the  condensate  during  transient 
periods  Even  the  Set  2  boost  pump  will  eavitate  in  these  circumstances  Sundstrand  has  developed 
for  Remeom  a  boost  pump  capable  of  fiandlmg  boihng  CP  25.  This  is  a  nominal  10.000  rpm 
centrifugal  pump  which  has  to  date  exceeded  6000  hours  of  opwawxn  and  demonstrated  its 
integrity  Tms  pump  is  ideally  suited  to  the  MIROC  1.5  K.VV  unit  since  n  is  designed  for  eowpo/able 
flows  and  pressures. 

DTMg  R  Other  areas  of  improvement  were  presented  m  the  Set  I  Pmal  Report.  AYR  1 182,  dated 
6  24  ?4  Many  of  these  were  nut  incorporated  into  Set  2  and  remain  valid 

CONTROLS  The  controllers  u*d  for  Units  1  and  2  were  designed  to  meet  the  requirements  of 
the  specification  including  use  of  preferred  parts.  To  meet  the  caeuit  requirements  over  the 
specified  temperature  range  and  environmental  conditions.  it  is  not  neCesfcPV  to  use  the  preferred 
pa/ts  of  the  specification 


The  following  diecuuuon  of  a  Simplified  controller  centers  on  cavorts  that  wore  chosen  to  reduce 
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tne  over, ill  parts  co-int  arid  meet  the  operational  requirements  They  are  suggested  circuits  and  have 
not  been  tiuilt  and  tested.  In  addition,  they  no  not  always  use  the  military  preferred  parts  list  since 
this  list  lags  the  state  of  the  art  and,  therefore,  its  use  may  induce  less  than  ideal  design. 

The  controller  block  diagram  is  shown  in  Figure  VIII  2. 

The  auxiliary  regulator  can  use  a  precision  I.C  regulator  instead  of  tener  diode  and  op  amps.  The 
output  stage  can  remain  the  sjme.  The  triangle  generator  output  could  be  shared  by  both  the 
auxiliary  and  main  regulators. 

The  main  alternator  regulator  uses  an  I.C.  regulator  tor  error  amplification  and  reference  voltage 
source  A  comparator  sums  the  output  of  the  regulator  and  a  ramp  generator  to  produce  a  PWM 
signal  to  drive  the  field.  The  field  driver  circuit  can  remain  the  same. 

The  current  Inna  circuit  uses  an  f.E.T.  as  a  variable  resistance  to  lower  the  reference  voltage  coming 
from  the  voltage  adiust  pot.  The  current  limit  approximates  a  constant  power  slope 

The  new  regulator  circuit  as  shown  in  Figures  VIII  3  and  VIII  4  hss  35  parts  comparer)  to  the 
previous  design  of  68  parts. 


The  proposed  temperature  regulator  circuit  uses  the  same  block  diagram  approach  to  the  control 
loot)  as  the  existing  circuit.  It  deviation  from  the  preferred  parts  list  is  allowed,  Cmos  and 
optical  isolators  can  be  used,  simplifying  the  VCO  ai- J  one  shot  circuiti y  (F igure  VIII  5)  The  input 
amplifier  will  remain  the  same,  an  I.C  instrument  amplifier.  The  transistor  output  stage  can  be 
simplified  it  Da'hngton  transistors  are  used. 

Three  approaches  to  the  control  loop  can  be  taken.  A  bang  bang  loop  would  fie  the  fastest  ami 
simplest  circuit  Response  to  temperature  changes  would  be  immediate  and  high  accuracy  can  be 
achieve*.1  A  rang  bang  loop  may  cause  ther mal  stressing  of  the  fluid. 

A  second  method  which  not  cause  thermal  stressing  is  a  linear  proportional  loop  In  order  to 
make  this  loop  stable,  long  ume  cutis.  j(.  is  woutu  fas  required  which  would  also  make  if  a  slow  loop 
During  load  application,  temperature  undershoot  would  occur  and  during  load  removal,  overshoot 
would  occur 

A  third  method  would  use  a  linear  proportional  loop  with  load  ec.mpensat.on  Alternator  load 
would  be  sensed,  and  load  Change  would  be  inserted  into  the  heater  loop  to  speed  up  the  response 

Of  the  above  methods,  the  first  one  would  save  the  most  parts  and  the  third  one  the  least  The  first 
method  would  Save  30  Parts,  the  second  approximately  20  parts  and  the  third  approximately  15 
parts  Analysis  and  experimentation  would  be  necessary  to  identify  the  optimum  trade  off 


With  Cmos  Circuitry  used  extensively  m  this  design.  the  *5  volt  powei  supply  will  not  be  needed 
The  *1$  ami  -15  v  could  be  provided  by  pre  packaged  power  supplies  The  pi  went  design  uses  4? 
parts  kv  the  three  power  suppties.  This  wookl  be  replaced  by  two  power  supply  tioduies. 


The  battery  charger  will  rerrvaitx  the  sarw.  The  way  H  iy  attached  to  the  battery  is  Showf:  in  rigufe 

viii  d, 


Due  to  the  present  method  of  starting  the  turUne.  the  controller  does  not  need  any  sequencing  or 
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Figure  VMM  Preliminary  Schematic  Main  Alternator  Regulator 


Figure  VIII-5  Prelim.  Schemetic  Temp.  Reg.  Circuit 
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time  delays.  One  main  latching  circuit  can  control  all  power  corning  into  the  controller  This  would 
consist  ot  two  power  relays  that  have  contact  ratings  compatible  with  the  start  pumn  and  tan  motor 
current  requirements.  The  logic  diagram  is  shown  in  Figure  VIII  7. 

The  speed  control  and  overspeed  safety  circuit  will  remain  the  same  except  that  Cmoswill  replace 
the  TT  L  logic. 

The  constant  frequency  inverter  can  remain  a  packaged  purchased  inverter  or  incorporated  into  the 
controls  depending  upon  the  cost  trade  off. 

The  start  pump  control  circuit  which  allows  tor  starting  tne  pump  root  or  will  remain  the  same. 

The  main  alternator  rectifier  filter  circuit  will  also  remain  the  same  as  the  current  Unit  2  controller. 

REPACKAGING  CONCEPT 

The  existing  2'  x  ?’  x  2’  package  can  be  developed  into  a  viable  highly  efficient  power  supply, 
however  it  is  not  the  optimum  package.  Evidence  from  development  data  to  date  includes. 

Noise  emitted  by  condenser  fan. 

May  not  need  txith  constant  and  variable  'requency  mechanics)  circuits.  Iri  fact,  it  is  desnable 
to  have  condenser  coolant  fan  speed  follow  working  fluid  flow  nther  then  run  at  constant 
speed. 

For  increased  operating  margin,  the  boost  pomp  should  have  mote  liquid  head 

The  burner  operates  better  extended  away  from  the  heater  rather  than  buried 

A  repackaged  unit  would  be  3.5'  x  1.5'  x  1.5'  and  is  shown  conceptually  w  Figure  VIII  8-  There  is 
no  volume  or  weight  m-ireaSsJ  (currently  8  ft^  and  210  pounds).  Further  development  at  a  bootstrap 
st.iit.  simplified  controls  and  simplified  accessory  drive  should  reduce  the  parts  count,  weight,  and 
cost,  t  he  repackaging  effort  will  reduce  noise  and  improve  mechanical  operat.u-i 
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SECTION  IX 


CALIBRATION  REQUIREMENTS  SUMMARY 


IX.  CALIBRATION  REQUIREMENTS  SUMMARY 


The  calibration  requirements  summary  establishes  for  the  measured  parameters  the  traceability  of 
measurement  from  the  operational  equipment  to  the  standards  of  the  National  Bureau  of  Standards. 

Table  IX  A  lists  the  parameters  measured  for  which  traceability  is  provided  with  the  following 
records.  Table  IX  B  delineates  thermocouple  calibration. 


Table  IX  A  Traceability  and  Hacord  ld«mificatioit 


Parameter 

Description 

ID  Number 

TNI 

Temperature  nozzle  inlet 

0775100K 

TRO 

Temperature  regenerator  liciuit)  out 

077S074K 

TRVI 

Temperature  regenerator  vapor  inlet 

0775062K 

THVVL 

Temperature  hotwdl  liquid 

0775C99K 

TVO 

Temperature  vaporizer  out 

0775103K 

THE 

Temperature  heater  exhaust 

0775078K 

THVO 

Temperature  regenerator  vapor  out 

0775087K 

TRI 

Temperature  regenerator  liquid  inlet 

0775085K 

QE 

Plow  economizer 

FL  205 

OR 

Flow  regenerator 

F  L  308 

UBP 

Flow  boost  pump 

FL  277 

PNI 

Pressure  nozzle  inlet 

PI  204  &  PT  160 

PC 

Pressure  condenser 

PT  744  Ok  PT  423 

POO 

Pressmr  boost  pump  out 

PT  232  8*  PT  760 

PBi 

Pressure  bearing  inlet 

PT  186 

'  Used  only 

during  N ^  »P"'  checks  (PVOI 

NOTE  The  standard  quality  control  period  between  calibrations  is 


26  weeks  tor  pressure  transducers  from  the  tune  of  initial 
use  after  calibration 

26  weeks  tor  flowmeters  from  the  lime  of  initial  use  after 
calibration 

52  weeks  for  thermocouples  from  the  time  of  initial  use  after 
Calibration 

The  test  lute!  period  was  from  t  21  25  through  4  18  ?5 
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CAUPHATION  DATA 

John  Pluk*  Digital  r.ultlnctcr  T.odel  B375A 


Identification  VC—lS~0 

Date  Calibrated  ~  j  -0  5  L*v 

Calibration  Valid  A5ter  ~  { 

’ v:  \  . 

3  UVidarUa  Used  4  •/  X  ~S  1 

^  *W  3 

Kaintvnance  And  .'i&p&ira  Performed _  /}  rj  -  C 


Adlunt 


r-'.CQK'i'j  -s 


liar.  •<- 


0.1  VDC 


1.0  VDC 


10.0  VDC 


100.0  VDC 


1000 


1,  DC 


Ran  ■ 
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As  toft 


Toloran 


*  lCw . 

tzkl-?: 

JmXj*LC3 

I  VTSgg.Lc-0 


I 


NOTE:  The  following  calibration  steps  are  to  be  performed  only  if  the  above  checks  were  found  out 
of  Specs, 

5.  Buffer  Aero  Adjustment. 

6.  Bias  Current  Adjustment. 

7.  Reference  Voitage  Adjustment. 

8.  A-D  Zero  Adjustment. 

9.  ♦  Cal.  Adjustment. 

10.  Ladder  Cal. 

1 1 .  Negative  Cal.  Adjustment. 

12.  Remainder  Adjustment. 

13.  Comparator  Level  Adjustment. 

14.  RMS  Range  Amplifier  Zero. 

15.  Balance  Amplifier  Zero. 

16.  Balance  Gain. 

1 7.  AC  Zero. 

18.  Calibration  Adjustment/Check. 

19.  Coarse  Calibration. 

20.  Buffer  DC  Calibration. 

21.  Active  Filter. 

22.  Kilohms  Calibration. 

23.  Ohms  Calibration. 
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-  TN«  report  daacribea  the  daeifl,  febrlcr  klon  and  las?  of  c opponents  wbiyttams  and  organic  Rankin#  Cycle 
Power  Plant  Oealgn  point  ntl  output  power  l*  1.5  KWn28V.U.C.  Power  is  produced  by  combustion  of 
an  elr/fuei  mUture  and  trenafarring  the  dkarmai  energy  ?o  CP-75,  the  working  fluid,  which  it  upended 
through  a  turbine.  Tha  htrbine  la  pari  of  a  turbo- alternator  which  also  powers  iniarnal  aocaiaory  component*. 
Specific  design  critarl*  inyphraa  praelat  quality  of  power,  weight  voiuma.  afflcianey.  Ilf*  and  nolaa  limitation*, 
aavere  emrfronmant  and  hock,  and  mutti-htai  operating  requirement*  Tha  art  ie  portable,  salt-conulnad 
aacapifv  fuel  awply  and  ia  intended  to  operate  ae  a  silent  power  plenty 
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GENERATOR 
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BEARINGS 

PITOT  PUMP 

GEAR80X 

NEATER 

VAPORIZER 

ECONOMIZER 

REGENERATOR 

CONDENSER 

BOOST  PUMP 

HAND PUMP 

OIGITAL  CONTROL  VALVES 

VAPOR  SHUTOPP  VALVE 

CONTROL  SYSTEM 

COMBUSTOR 

AIR/FUEL  SYSTEM 

FUEL  METERING  PUMP 

ATOMIZING  AIR  COMPRESSOR 

MAGNETO 
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AIR  BLOWER 

ACCUMULATOR 

ALTITUDE  COMPENSATING  VALVE 

START  PUMP 


